We wished to identify the different types of retinal neurons on the basis of their content of neuroactive substances in both larval tiger salamander and mudpuppy retinas, favored species for electrophysiological investigation. Sections and wholemounts of retinas were labeled by immunocytochemical methods to demonstrate three calcium binding protein species and the common neurotransmitters, glycine, GABA and acetylcholine. Double immunostained sections and single labeled wholemount retinas were examined by confocal microscopy. Immunostaining patterns appeared to be the same in salamander and mudpuppy. Double and single cones, horizontal cells, some amacrine cells and ganglion cells were strongly calbindin-immunoreactive (IR). Calbindin-IR horizontal cells colocalized GABA. Many bipolar cells, horizontal cells, some amacrine cells and ganglion cells were strongly calretinin-IR. One type of horizontal cell and an infrequently occurring amacrine cell were parvalbumin-IR. Acetylcholine as visualized by ChAT-immunoreactivity was seen in a mirror-symmetric pair of amacrine cells that colocalized GABA and glycine. Glycine and GABA colocalized with calretinin, calbindin and occasionally with parvalbumin in amacrine cells.
Introduction
It is well known that retinas of urodele amphibians (larval tiger salamander and mudpuppy) are especially appropriate for electrophysiological and pharmacological analyses of retinal function by intracellular and patch clamp electrode techniques due to their composition of particularly large neurons. A great deal of valuable information on the physiological responses and functional organization has been elucidated from many classic studies on the mudpuppy and salamander retinas Fain, 1975; Lasansky & Vallerga, 1975; Miller, Frumkes, Slaughter, & Dacheux, 1981a,b; Vallerga, 1981; McReynolds & Miyachi, 1986; Barnes & Werblin, 1987; Arkin & Miller, 1988; Maguire, Lukasiewicz, & Werblin, 1989; Wu, 1991; Yang, Lukasiewicz, Maguire, Werblin, & Yazulla, 1991; Werblin, 1991; Cook & McReynolds, 1998a,b; Toris, Eiesland, & Miller, 1995; Hare & Owen, 1996; Wu & Maple, 1998) . The morphologies of the different retinal neurons are less well established and only scant electron microscopy of circuitry has thus far been contributed Lasansky, 1973; Wong-Riley, 1974; Lasansky, 1980; Watt, Li, Fry, & Lam, 1985) . In particular, anatomical correlates of the physiological response forms have often been difficult to make in these retinas.
Previous immunocytochemical experiments have revealed neural types exhibiting the classical inhibitory amino acid transmitters (Pourcho, Goebel, & McReynolds, 1984; Mosinger, Yazulla, & Studholme, 1986; Yazulla, 1986; Watt, Li, Wu, & Lam, 1987; Watt, Yang, Lam, & Wu, 1988; Yang & Yazulla, 1988a,b; Yang et al., 1991; Yang, 1996 Yang, , 1997 Wu & Maple, 1998) and neuropeptides (Watt, Li, Fry, & Lam, 1985; Yang & Yazulla, 1986; Watt & Florack, 1991; Watt, Florack, & Walker, 1993) . However, commonly such studies have been performed on sectioned material and only a limited view of the various neurons' morphologies result. Wholemount staining and confocal microscope analysis techniques could reveal more information.
Calcium-binding proteins (CBPS) have been used as neurochemical markers in brain and retina for many years. Although the functional roles of these proteins are still not understood exactly, previous studies have shown that antibodies to calretinin, calbindin, parvalbumin and recoverin are markers for specific populations of retinal neurons in different species. CBP immunostaining has been described in adult amphibian retina (Persechini, Moncrief, & Kretsinger, 1989; Pasteels, Rogers, Blachier, & Pochet, 1990; Hamano, Kiyama, Emson, Manabe, Nakauchi, & Tohyama, 1990 ) but has only been briefly touched on in any work on larval tiger salamander (Pasteels et al.) .
The present study was undertaken to evaluate more thoroughly the morphology of the neurons of these larval urodele retinas by using commonly available antibodies against calcium binding proteins and the neurotransmitters, g-aminobutyric acid (GABA), glycine and acetylcholine as immunolabels. We hoped to be able to classify the cell types on the single or double labeling content of these neuroactive substances and on their dendritic tree shapes in wholemount and through-focus views. Preliminary findings of this study have been presented in abstract form (Deng, Cuenca, Doerr, Miller, & Kolb, 1999) .
Materials and methods

Animals
Larval tiger salamander (Charles Sullivan Co., Nashville, TN) and mudpuppy (Kons Scientific, Germantown, WI) retinas were obtained from animals maintained in aquaria in the Physiology Department, University of Minnesota, MN. They were maintained at 4°C on a 12 h light/dark cycle and fed live goldfish. Care and handling of animals conforms to the rules and guidelines adopted by the National Institutes of Health and the Association for Research in Vision and Ophthalmology.
Animals were sacrificed and tissue taken in the morning in all cases in the laboratory in Minnesota. This paper utilized four salamanders and six mudpuppies for a total of 20 retinal preparations. The retinas were dissected from the eyecups after the eyes were enucleated, and the anterior segment and vitreous were removed. Retinas were fixed in 4% paraformaldehyde in 0.1 M (pH 7.4) phosphate buffer (PB) for 1 h at room temperature. Tissue was then washed in 0.1 M PB, and cryoprotected in 15% sucrose for 30 min, 20% sucrose for 1 h, and 30% sucrose overnight at 4°C. The next morning, retinas were sent by express mail to Utah.
For cryostat sectioning, retinas were embedded in Tissue-Tek O.C.T. compound (Miles Inc. Elkhart, IN 46516) , cut into radial sections, mounted on gelatincoated slides, air dried, and stored at − 20°C until processed for immunocytochemistry. For wholemount immunostaining, retinas went through a freeze-thaw procedure, and were then placed in a solution of 1% NaBH 4 (5 min) and washed in 0.1 M PB.
Double staining with immunofluorescent techniques
Cryostat sections (approximately 12 mm thick) or pieces of wholemount retina were double and single immunostained, respectively for combinations of calretinin, parvalbumin, calbindin, GABA, glycine and choline acetyl transferase (ChAT). Antibodies to calretinin, calbindin and parvalbumin were polyclonal antibodies made in rabbit from SWant, Bellinzona, Switzerland and used at a dilution of 1:1000. Rat anti-GABA and rat anti-glycine were obtained from David Pow (Brisbane, Australia) and used at a 1:1000 dilution. Polyclonal rabbit anti-ChAT was obtained from Chemicon International Inc. (Temecula, CA). Incubation in the primary antibodies was overnight for the sections and for 4 days for the wholemounts. After washing in 0.1 M PB, tissues were incubated in a cocktail of secondary antibodies of anti-rat IgG coupled to fluorescein and anti-rabbit IgG coupled to rhodamine at 1:100 dilution for 1 h. The retinal pieces were washed, mounted in watermount (Vectabond, Vector labs) and coverslipped for viewing in a Zeiss fluorescence confocal microscope (LSM510, Carl Zeiss, Oberkochen, Germany). A pinhole of 77 was used to acquire a single image with a thickness of about 1 mm. Some through focus stacks of the wholemount retinas that was immunostained with GABA and glycine were captured as digitized images of 40 steps from ganglion cell layer to outer plexiform layer, and run on the NIH Image program on a Macintosh computer. Using these stacks, we traced some immunostained cells into the neuropil and demonstrated their dendritic trees more clearly. Images were sized and fine tuned in Adobe Photoshop 4.0 on a Macintosh computer and printed at 300 dpi resolution on an Epson photoEX printer. 
Results
Immunostaining patterns were the same in salamander and mudpuppy retinas. The salamander retina differs only from the mudpuppy retina in being more clearly layered and the photoreceptors are smaller and longer. Also, in salamander retina, the IPL is much thicker than in mudpuppy and consequently discrete dendrites and stratification patterns of amacrine cells are more clearly seen. All our radially sectioned retinas were double stained with calcium binding proteins and neurotransmitters in different combinations. Thus, in general CBP immunofluorescence is rhodamine conjugated (red in the figures) and regular neurotransmitter immunofluorescence is fluorescein conjugated (green in the figures). Colocalization is indicated when a cell type appears yellow. Single immunostaining with antibodies to glycine, GABA and ChAT were applied to wholemount retinas. ChAT labeling was not successful in wholemounts in our hands. In general it was quite difficult to get really nice looking immunostained images in both mudpuppy and salamander retinas due to the large size of the neurons in these retinas. Also the neurons have enormous nuclei and little cytoplasm to show labeling with the various antisera. Most of the images indicate a very thin ring of immunofluorescence around a hollow-looking cell center occupied by the nucleus. The results of single and double immunostaining concerning the distribution of CBPs and neurotransmitters in the different cell types are summarized in Tables 1 and 2 
Calcium binding proteins
In both salamander and mudpuppy retinas, calbindin-immunoreactivity (CB-IR) was seen in cone photoreceptors, the majority of horizontal cells, some bipolar cells, some amacrine cells and cells in the ganglion cell layer (Fig. 1a, b, Fig. 2a , b, rhodamine (red) fluorescence). Rods were negative for CB. Single cones and double cones, composed of principal and accessory members, were labeled throughout the length of the cell most clearly in salamander (Fig. 1a, b, Fig. 2a, b) . Bipolar cell labeling appeared in the central strata of the IPL but no clear bipolar types viz a viz ON or OFF center axonal branching could be determined in the thin and poorly layered IPL of the mudpuppy ( Fig. 1 a  and Fig. 2a ). In salamander, where the IPL is thicker, CB-IR that could be in bipolar axonal beads was prominent in distal IPL (OFF sublamina) rather than in the proximal IPL (ON sublamina) (Fig. 2b) .
Antibodies to calretinin (CR) strongly labeled most bipolar cells, horizontal cells, some amacrine cells and many ganglion cells (Fig. 1c, d , Fig. 2c , d, rhodamine (red) fluorescence). The CR-IR bipolar cells exhibited distinct Landolt's clubs in most preparations (Fig. 1d , fine arrows, and Fig. 2d ). It appeared that their axonal processes extended to both sublaminae of the inner plexiform layer (IPL) and were bordered by outer and inner bands of GABAergic amacrine cell dendrites (Fig. 1c, d) .
Retinas immunostained with antisera against parvalbumin (PV) showed poorer immunoreactivity than retinas immunostained for the other calcium binding proteins. However, one type of horizontal cell with a small dendritic spread of approximately 50 mm was seen on three occasions (Fig. 2g, arrowheads) . A rare amacrine cell ( Fig. 2 f, fine arrows) was noted in two Table 2 Colocalization of immunoreactivity in amacrine cells of salamander and mudpuppy retinas no CBP NeuroCalretinin Calbindin Parvalbumin transmitters
samples. Unfortunately we were unable to determine the dendritic branching pattern of the PV-IR amacrine as its dendrites passed into heavily double stained bands in the IPL of the reacted retinas (Fig. 2f) . 
GABA, Glycine and ChAT immunoreacti6ity
In cryostat sections of salamander and mudpuppy retinas, distribution of GABA-IR and glycine-IR was similar to findings of other studies (Watt et al., 1987; Yang & Yazulla, 1988a Yang, 1996 Yang, , 1997 . The majority of horizontal cells, half the population of amacrine cells and a few cells in the ganglion cell layer, which could be displaced amacrine cells, immunostained for GABA (Fig. 1a-d , fluorescein (green) fluorescence). The IR processes of these GABA-IR amacrine cells formed two particularly obvious bands of immunostaining or plexi at outer and inner borders of the IPL in both species (Fig. 1a, c, d ). Some narrower banding was obvious in central IPL strata in salamander retina as well (Fig. 1d) .
A few bipolar cells, many amacrine cells and a few cells in the ganglion cell layer showed intense glycine-IR in both species' retinas ( Wholemount preparations of retina give a better perspective of the GABA and glycine immunostaining. Focusing through from ganglion cells to OPL of the retina in wholemounts allows the different neurons to be revealed in their entirety. Antibodies to GABA labeled a regular array of horizontal cell bodies and their dendritic trees in the OPL (Fig. 3a) . GABA-IR was present in many normally placed amacrine cell bodies in the INL (Fig. 3b ) and less frequently in displaced cell bodies in the ganglion cell layer (Fig. 3d,  arrows) . GABA-IR amacrine cell processes contributed to two very distinct plexi at the outer and inner borders of the IPL (Fig. 3c and d) . The GABA-IR plexus of dendrites in distal IPL under the amacrine cell bodies was particularly strongly matted and intense in fluorescent labeling (Fig. 3c ) the proximal plexus consisted of more finely beaded processes. Muller cell radial processes probably occupy the evenly spaced holes in both plexi ( Fig. 3c and d) .
It was difficult to follow discrete dendrites from GABA-IR amacrine cell bodies into the IPL because most dendrites disappeared immediately into the dense distal and proximal plexi. However, we were successful in this endeavor on a few cells of the stacked images ( Fig. 4a and b) . These particular GABA-IR amacrine cells had radiate branching patterns with long dendrites, presumably covering a wide dendritic tree. The dendrites penetrated to below the distal plexus and contributed to the central stratum of dendrites visible in some radial sections (Fig. 1d, Fig. 3c, d Fig. 4a, b) . GABA-IR amacrine cells of this type appear to have dendritic trees of greater than 140 mm spread (Fig. 4a,  b) .
In wholemount visualization of glycine-IR labeling, a different picture emerges. Glycine-IR is intense in the amacrine cell bodies and discrete dendrites can be easily followed from the cell bodies into the IPL (Fig. 5a ). One or two major dendrites divide frequently into a beaded meshwork of a dendritic field that does not form into intensely labeled bands or plexi as for GABA-IR cells. The appearance of glycine positive dendrites in both sections and wholemounts is of many punctate spots, giving a coarse, mealy appearance to the whole extent of the IPL neuropil ( Fig. 2a-d) . The domains of these dendritic fields appeared to average less than 100 mm, as far as we could tell from our tracings of such stains (Fig. 5a, b) .
Immunostaining for ChAT was attempted in four retinas, two of mudpuppy and two of salamander. No wholemount immunostaining was successful so we had to rely on visualizing CHAT-IR cell types in sectioned material. We identified a mirror-symmetric pair of CHAT labeled amacrine cells in two preparations of salamander retina (Fig. 1e , f, yellow cells, fine arrows). The ChAT-IR cells appeared, as in all species, to have outer branching types with cell bodies in the INL and inner branching types with cell bodies in the ganglion cell layer (Fig. 1e, f) . The dendrites of the former ramified over a medium wide area (120 mm) in the outer portion of the IPL (Fig. 1f, fine arrows) and of the latter (Fig. 1e, fine arrows) in the inner IPL. 
Colocalization of CBPs with GABA, Glycine and ChAT
GABA colocalizes with approximately 20% of the CB labeled amacrine cells (Fig. 1a, b , fine arrows) and fewer (about 10%) of the CR amacrine cells (Fig. 1c, d) . Some of the displaced amacrine cells in the ganglion cell layer also coexpressed GABA and CB. These were probably mainly ChAT cells because ChAT and CB colocalize (not shown). Horizontal cells labeled with both CR and CB colocalize GABA. CB and GABA are particularly strongly coexpressed as shown in Fig. 1b (two horizontal cells labeled, fine arrows). The 'yellow' dendrites indicating double label in horizontal cells are clearly seen in the CR and GABA colocalized images (Fig. 1c, d ). An occasional bipolar cell showed colabeling with CB and GABA (Fig. 1a, fine arrows) .
Retinas processed for glycine and CR or CB show several subtypes of amacrine cells colocalizing the labels (Fig. 2a, d-f and h, fine arrows) . Certain bipolar cells also colocalized CR and glycine (Fig. 2c, d , arrows and arrowheads). A glycine signal was present in the CHAT-IR amacrine cells (Fig. 1f) . Like in most species, mirrorsymmetric ChAT cells colocalized GABA (Fig. 1e) . PV-IR amacrines seemed to be particularly scarce as we only saw a couple of examples in our material and only one cell colocalized glycine (Fig. 2f, fine arrows) .
Discussion
In this study, we have looked at the colocalization of calcium binding proteins and classical neurotransmitters in the neurons of larval tiger salamander and mudpuppy retinas by using double-labeling immunocytochemistry on sectioned retinas. We also viewed retinas immunostained with antibodies to GABA and glycine in wholemounts to see if we could tell anything about the morphologies of immunostained neurons. Our results are summarized in Tables 1 and 2 and in the summary diagram of Fig. 6. 
Photoreceptors
There are six morphological types of photoreceptor in the larval tiger salamander retina according to ultrastructural studies: large single cones, small single cones, double cones composed of principal and accessory members, red rods and green rods (Mariani, 1986) . In the present study, we observed intense CB-IR in cones of salamander and mudpuppy retinas, but rods were negative, confirming earlier reports (Pasteels et al., 1990) (Table 1 ). Both single and double cones were easily discernible, so it appears that all the larger cone types are CB-positive (Fig. 6) . Although CR-IR and PV-IR have been found to localize in certain cone photoreceptors of other species (Goebel & Pourcho, 1997) , we saw no credible immunostaining with these which was well characterized by Lasansky and Vallerga (1975) and Lasansky (1980) . PV-IR was noted in another, less frequent horizontal cell type which appeared to be smaller field and more delicate in morphology (Table 1) (Fig. 6) . We suppose the function of the two CBPs in any photoreceptor types in our material (Table  1) . Pasteels et al. (1990) reported horizontal cells to be CR-IR. but we think that many of their immunostained cells included bipolar cells. CB clearly immunostains horizontal cells and in our hands there was intense colocalization of CB and GABA in both salamander and mudpuppy retinas ( Table 1) . The commonly seen CB/GABA-IR horizontal cell appears to have a widefield of thick dendrites and obvious terminals going into rod and cone pedicles (Fig. 6 ). It is almost certainly the common L-type horizontal cell of salamander Fig. 6 . Drawing of salamander retina to schematize the general distribution of neurotransmitters and CBPs in the different neurons as described in this study. The combinations of colocalizations are indicated but not the extent of different morphological types, which we still do not fully understand. CB, calbindin; CR, calretinin; PV, parvalbumin; Glycine, glycine, GABA, GABA, CHAT, choline acetyltransferase; DC double cone; C, cone; HC, horizontal cell; B, bipolar cell; A amacrine cell; GC, ganglion cell; IPL, inner plexiform layer.
Horizontal cells
Bipolar cells
Unlike the previous brief description, where CR-IR was seen only in a few bipolar cells (Pasteels et al., 1990) , we found almost all bipolar cells to be CR-IR in both salamander and mudpuppy retinas (Table 1) (Fig.  6) . CR-IR bipolar cells exhibited Landolt clubs and likely included both ON and OFF center types judging by prominent beaded axon terminals in both sublaminae of the IPL. CB-IR was also seen in bipolar cells with Landolt clubs and with axon terminals that ended more obviously in the OFF sublamina of the IPL (Fig.  6) . One variety of CR-IR and one of CB-IR bipolar cell colocalized glycine (Fig. 6 ) while only one variety of CB bipolar cells was seen to label with anti-GABA.
Although there is strong evidence to favor glutamate as the neurotransmitter of bipolar cells (Slaughter & Miller 1983; Ehinger, Ottersen, Storm-Mathisen, & Dowling, 1988; Marc, Liu, Kalloniatis, Raiguel, & van Haesendonck, 1990 ) both GABA-IR and glycine-IR have been reported to occur in salamander bipolar cells (Yazulla & Yang, 1988; Yang & Yazulla, 1988a,b; Yang et al., 1991; Yang & Yazulla, 1994) . In the mammalian retina Vaney, Nelson, and Pow (1998) have demonstrated that glycine labeling in some cone bipolars is due to gap junctions of these cells with glycinergic amacrine cells. Although the source of glycine labeling in salamander bipolar cells is unknown (for gap junctions have not so far been described), that of GABA labeling may reflect endogenous synthesis, since GAD-IR has been found in certain of these cells (Yazulla & Yang, 1988; Yang & Yazulla, 1994) . We saw a couple of examples of GABA colocalizing in CB-IR and CR-IR bipolar cells in this study. Whether this GABA is synthesized in bipolar cells for use as a transmitter or whether bipolar GABA labeling is due to GABA transporters remains to be more fully examined in future studies. If GABA is truly synthesized in these bipolar cells, then a small field source of GABAergic inhibition needs to be added to the list of possible inputs to ganglion cells. In addition, co-localization of GABA with ChAT could provide a medium-field amacrine cell type which releases GABA in salamander/ mudpuppy retina as is the case in the rabbit retina (O'Malley, Sandell, & Masland, 1992) .
Amacrine cells
Many immunocytochemical studies have focused on amacrine cells of tiger salamander retina because so much physiology and pharmacology has been performed on this retina. However, the different morphological types are still not well described due to the lack of comprehensive Golgi studies or descriptions of immunostained neurons in wholemounts. From vertical sections alone, 9-10 subtypes have emerged in this types of horizontal cell is different because of their different content of CBPs. We cannot say at present whether the PV-IR type also contains GABA like the commoner CB-IR type.
In the mudpuppy retina, Fain (1975) first reported C-type horizontal cell responses. Kim and Miller (1992) later described three types of horizontal cells and segregated them on the basis of their physiological/morphological correlations. These included two C-type horizontal cells, which lacked axons and an L-type which had one or more axons and formed the largest pool of encountered units. Based on the preponderance of L-type recordings ( 90%) in the mudpuppy, it seems reasonable to conclude that the large array of horizontal cells which stain for GABA represent the L-type cells.
In the tiger salamander, electrophysiological experiments have been equivocal as to whether there are two distinct L-type horizontal cells, or one type with different response properties in the cell body and axon terminal (Lasansky & Vallerga, 1975) . Curiously, a mystery cell type of the OPL of the tiger salamander which was involved with photoreceptors, horizontal and bipolar cells was described by Lasansky (1980) . Could this mystery cell have been the rare second type of horizontal cell, perhaps giving C-type responses, that we see here staining with antibodies to PV? study (Tables 1 and 2 ): amacrine cells with immunoreactivity to a single neuroactive substance i.e. GABA-IR, glycine-IR, CR-IR and CB-IR; and amacrine cells that colocalize GABA and CR, GABA and CB, glycine and CB; glycine and CR and finally a PV-IR amacrine cell that colocalizes glycine (Table 2) .
ChAT immunoreactivity has not previously been seen in amacrine cells in the tiger salamander and mudpuppy retinas as far as we know. Cholinesterase activity was reported in the salamander retina but was restricted to the OPL (Hutchins, Polans, & Werblin, 1984) . Our experiments show ChAT-IR occurring in a mirror symmetric pair of amacrine cells that are probably 'starburst' cells like in all other species' retinas (Fig.  6) . As in other retinas, ChAT-IR amacrine cells of salamander/mudpuppy colocalize GABA (Table 2 ) (Fig. 6) . We also noted that ChAT-IR cells colocalize glycine (Fig. 6) .
Despite there being no morphological evidence for 'starburst' amacrine cells in the salamander/mudpuppy retinas until the present report, McReynolds and Miyachi (1986) studied the action of acetylcholine on ganglion cells in mudpuppy retina and found this neurotransmitter generally raised background conductance with no clear excitation. To date, no physiological evidence has been presented in the salamander retina to show that GABA and acetylcholine are co-released, although clearly our present study raises this possibility. Nor have we yet seen a role for 'starburst' cells in the generation of directional selectivity in the larval amphibian retina, although this is a major role for these cells in other vertebrate retinas (Masland Mills, & Cassidy, 1984; Masland, 1988) .
From the anatomical picture we have seen here, it appears that half the amacrine cells are GABAergic and the other half glycinergic in salamander and mudpuppy retinas, similar to other vertebrate retinas. We hoped to be able to say something about the morphologies of glycinergic and GABAergic amacrine cells in these amphibian retinas. We agree with Yang and Yazulla (1988a,b) , who first attempted immunostaining for GABA and glycine in salamander retina, that it is hard to tell dendritic field sizes in sectioned material. For this reason, we feel that flatmount preparations must serve as the main tool for evaluating morphology with these or any staining techniques. By viewing our present material in wholemounts we were able to identify smallfield amacrine cell populations that contained glycine and wide-field populations that labeled to GABA. Clearly we cannot say that all GABAergic amacrine types are wide-field and all narrow-field types are glycinergic from viewing wholemounts immunostaining of many populations of cells with overlapping dendrites. Nevertheless those amacrines we could interpret morphologically did seem to follow this generalization. Mudpuppy and salamander retina would then be more like other vertebrate retinas where small-field amacrines are typically glycinergic and wide-field amacrines GABAergic (many examples in cat, rabbit and monkey retinas including AII, A8 and A4 cells, Kolb, 1997; turtle retina, Haverkamp, Cuenca, & Kolb, 2000; goldfish, Marc, 1989 and cat, Pourcho & Goebel, 1983 . Yang et al. (1991) did attempt to understand widefield versus small field amacrine cell contents of neurotransmitters in a technically difficult study combining intracellular lucifer staining with immunostaining in salamander retina. Again, this work was done in retinal slices and so these double labeled amacrine cells were probably not seen in their entirety. Nevertheless these authors concluded the opposite of what we have in the present study, viz, that wide-field cells were glycinergic and narrow-field cells GABAergic. Velte and Miller (1995) have shown how retinal slicing can substantially alter the appearance and interpretation of cell morphology in mudpuppy and salamander retinas. In these species ganglion and amacrine cells often have highly polar dendritic trees, such that slices through a single plane can make a large field amacrine appear to be small field. As is usually the case in neurobiology, the answer is probably somewhere between the two opposing opinions. Interestingly one intracellularly stained cell in the paper of Yang et al. appeared to be glycinergic and had a long extent of one of its dendrites labeled so giving it the appearance of a wide-field cell. We suggest that this cell could be the combined glycine-IR, GABA-IR and CHAT-IR amacrine cells which appear to be quite large-field as described in this paper (see Fig. 1e and f) .
There has been a suggestion in the literature that glycinergic cells are primarily concerned with OFF-center and GABAergic amacrines ON-center activity (Ikeda & Sheardown, 1983) . Although there is some tendency in mammalian retinas for a1 subunits of the glycine receptor to be found in the OFF sublamina of the IPL (Koulen, Sassoe-Pognetto, Grü nert, & Wässle, 1996; Wässle, Koulen, Brandstätter, Fletcher, & Becker, 1998) other glycine receptor subunits are present in both sublaminae about equally (Wässle et al.) . Glycinergic amacrine processes appear to occur throughout the IPL in salamander and mudpuppy so attribution solely to OFF center physiology does not seem to be justified.
In our hands, GABA-IR was found in two distinct plexi of the IPL (Fig. 3c, d , summarized in Fig. 6 ) although we know from other studies that GABAergic profiles are fairly evenly distributed throughout the IPL (Marc and Liu, 2000) . Seven subunits of the GABAA receptors have so far been localized to the strata of the IPL in the mammalian retina . The banding is throughout the IPL though, showing no selectivity for ON versus OFF layers. Again, in mam-mals, some GABA receptors are preferentially located with the large transient Y-type ganglion cell dendrites and others with the CHAT immunoreactive dendrites of starburst amacrine cells (Wässle et al.) . GABAr receptors are also dispersed throughout the IPL but with specific localization to rod and cone bipolar axon terminals . This suggests that GABAr may be the preferred GABA receptor of the feedback synapses to bipolar cells in mammals (Wässle et al.) and tiger salamander (Lukasiewicz, Maple, & Werblin, 1994; Jacobs & Werblin, 1998) . The two plexi of densely overlapped GABAergic cell dendrites that we observed here could belong to GABAergic feedback amacrine cells interacting with OFF and ON-bipolar and ganglion cell processes in these two areas of the IPL neuropil. The lower plexus in particular might belong to the sustained ON-center neurons needed in the models proposed by Werblin and his group for sustained inhibition through a GABAergic amacrine to ON-bipolar feedback route Werblin, 1991) .
Wide-field amacrine cells that are known to be GABAergic in the cat are characterized by ON-OFF transient responses physiologically (Pourcho & Goebel, 1983; Dacheux & Raviola, 1995; Freed, Pflug, Kolb, & Nelson, 1996) . Such GABAergic wide-field cells (usually monostratified cells in the central strata of the IPL) are known in fish and turtle retina as well. It seems likely that the GABAergic amacrine cells that we saw contributing to the thinner middle band of the IPL (Fig. 4) are such cells.
Cells in the ganglion cell layer
In the ganglion cell layer of salamander and mudpuppy retinas, many cells show labeling for CR and CB as well as for GABA and glycine (Table 1) . Some cells with distinctly stained axons are ganglion cells, and these could include both CR and CB labeled varieties (Fig. 6 ). Others cells costaining for GABA and ChAT are certainly the displaced variety of starburst amacrine cells (Fig. 6 ). GABA has been described as colocalizing substance P in a very rare ganglion cell type (less than 1% of the SP-IR ganglion cells, Watt, Glazebrook, & Florack, 1994) . We did not find CR or CB colocalizing with GABA or glycine in ganglion cells, and we did not see any cell that was clearly PV-IR in the ganglion cell layer. Trying to sort out the different morphological types of ganglion cell with the CBPs or neurotransmitter immunostaining is probably not as fruitful as intracellular staining techniques, where one has the added advantage of obtaining information on their physiological responses at the same time (Arkin & Miller, 1988; Toris et al., 1995) .
In conclusion, antibodies to calcium binding proteins in combination with antibodies to the classical transmitters GABA, glycine and ChAT have been found useful for distinguishing types of horizontal, bipolar and amacrine cells in the retinas of tiger salamander and mudpuppy. We hope to have added some helpful anatomical information concerning these two retinas that are so favored by electrophysiologists.
